This paper is a study of the comparative efficacy of Priscoline, Regitine, and Roniacol in relaxing vasospasm in the extremities of normal human subjects. A total of 60 studies were performed on 14 subjects. Severe cutaneous vasospasm was induced by exposure of the lightly clad subject to an environmental temperature of 20 C. for one hour or more. In half the tests the severe vasospasm was reduced to moderate vasospasm by application of heat to the torso of the chilled subjects. The effectiveness of the drugs was tested by giving them by intravenous infusion after the appropriate state of vasospasm had been obtained. The degree of relaxation of vasospasm was estimated from the resulting changes in cutaneous temperature recorded with thermocouples.
IN EACH of the peripheral vascular disease entities, the vasomotor component varies. Thromboangiitis obliterans exhibits a decreasing vasospastic element as the organic occlusive element increases.' In Raynaud's phenomenon and allied conditions, however, the vasospastic element predominates.2 Some vasoconstriction is often present in arteriosclerosis. The usage of drugs which abolish vasospasm is, therefore, a helpful adjunct in determination of the degree of vasospasm, in differentiation of the disease entities, and in the treatment of disease where vasoconstriction plays a part in the presenting symptoms.
In previous papers usage of such agents in the evaluation of the degree of vasospasm has been discussed.3' 4 This paper presents a method for estimating the probable clinical effectiveness of drugs designed to relax vasospasm. In principle, a reproducible degree of vasospasm is induced in normal subjects and the ability of the drug to overcome this vasospasm is tested.
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The ideal therapeutic agent for this disease group would be one which induced maximal vasodilation in the extremities with minimal untoward side effects. In this paper we will consider three agents and compare the results of their trial upon normal subjects. These agents are: (1) Priscoline,* (2) Regitine,* (3) Roniacol. t The chemical formulas for these drugs are:
Priscoline, 2-benzyl -4, 5-imidazoline 
METHODS
The method of recording the cutaneous temperature is discussed in more detail, both in validity and mechanics of the method, in previous papers." 2 In all cases, skin temperature was recorded with thermocouples held firmly in contact with the skin by a strip of adhesive, placed about 0.5 cm. proximal to the tip of the couple. In the earlier portion of this study, the skin temperature was recorded on an 8-point Leeds and Northrup Micromax using iron constantin thermocouples (recording time, one minute per point). In the latter portion of the experiment we used a 12-point Brown potentiometer with copper constantin thermocouples (recording time 12 seconds per point).
The subjects were placed in a recumbent position during the study, clad only in undershorts or slips, in a room the temperature of which was kept at approximately 20 C. Individual varients from this temperature are noted in table 1. The temperatures were procured from the right and left third. and fourth fingers in the series without body warming, from the index and fourth fingers of the right and left hand in the series with body warming. The lower extremity leads were from the right and left great, middle, and small toes, in both series. Minimal blood flow due to maximal vasoconstriction was considered to be present when the skin temperature approximated the room temperature, and maximal blood flow due to maximal vasodilation when the skin temperature approximated the forehead temperature. Table 1 shows the range of individual forehead temperatures during the respective periods of drug administration. A strong vasoconstriction in the lower extremities and a moderate vasoconstriction in the upper extremities was induced by an initial one to one and a half hour exposure in the constant temperature room. This is illustrated in figures 1 and 2 in the control period prior to the drug infusion, or heating, respectively.
Two methods were followed in the evaluation of the three drugs. These were: (1) administration of the drugs without body warming, (2) administration of the drugs during a period of body warming. The subjects were normal medical students. Ten students received each of three drugs in the first series without body warming. The second study used six of the original subjects and four new individuals; these 10 students were subjects to all three drugs in the body warming series. Each student had his temperature taken previous to the study, and was excluded if febrile. The students did not eat during nor for four hours prior to the experiment.
1.
After approximately an hour of body cooling, the ten subjects received either Priscoline, Regitine, or Roniacol. In each case the agent was dissolved in 200 ml. of 0.9 per cent saline and administered by infusion over a period of approximately one half hour. Arterial pressure was checked every five minutes during the infusion and until it stabilized after completion of the infusion. The drugs were given in the following dosage: Regitine 0.5 mg. per kilogram, Priscoline 2.0 mg. per kilogram, and Roniacol 3 mg. per kilogram. Following completion of the infusion the student was retained for at least a half hour recording period; in event of suggestion of further changes the temperatures were recorded until the majority of readings were stabilized.
2. Ten subjects received a combination of body warming plus Priscoline, Regitine or Roniacol, in the above dosages. The period of body warming was preceded by a period of cooling until the temperatures of the extremities approximated room temperature. The body warming was accomplished by heating pads, placed in contact with the back and front of the chests, with one wool blanket covering the torso, and with the extremities exposed. Figure  1 demonstrates the response of 10 individuals to Priscoline, Regitine, and Roniacol without body warming. The range of the room and tures and the temperature responses of the fingers and toes is showsn in the first three graphs, figure 1. Part A. Subjects are identified on figure 1 by symbols A to J. The same subjects are used in all 3 studies. Part B. Subjects are identified on figure 2 by symbols A to J. Six of the subjects in this series are from previous series without body warming (*). Four new. subjects were used. All 10 subjects are used in all three studies.
Date column denotes month each individual study was run. Room column denotes the range of room temperature during each study, mean is given at the end of each column for that particular column.
Forehead column denotes the range of forehead temperatures of each study, mean also is given at the bottom of the column. Control is taken at the point on the graph immediately before the drug infusion in the series with body warming, and the point immediately prior to body warming in the series with body warming. In the Roniacol series the control temperature was taken eight minutes before the drug was given due to the temporary drop in temperature which accompanied the insertion of the infusion needle (see text).
Body warming was taken at the point where the maximal increase in skin temperature occurred. Drug is the temperature at that point where the maximal response was elicited in cases of increased temperature, and at the end of the infusion period in the case of decrease of skin temperature. Graphs of responses to Priscoline, Regitine, and Roniacol of 10 normal medical students in whom a state of moderate vasospasm was induced by chilling followed by body warming. In each graph the segment to the left of the first arrow gives the temperature during the period of chilling. The segments between the first and second arrows gives the temperatures during the period of body warming required to moderate the initial state of vasospasm; the segment to the right of the second arrow gives the temperature during the response to the drug; body warming was continued from the first arrow to the end of the graph. The break in the chart was necessitated by the differences in the lengths of the periods of body warming for the different subjects. The doses were the same as those for figure 1. For other data see figure 1 and tables 1 (B) and 2. a. Priscoline. As shown in figure 2, on five subjects a further increase in temperature of the fingers occurred subsequent to the administration of Priscoline; one exhibited a slight decrease, and the remainder were essentially unchanged. All crease in temperature of both toes following drug administration. In two, KG (1)) and AS (H) the maximum temperatures reached were not very high. These two subjects had responded well to Priscoline. Subject AC (F), who failed to dilate with Priscoline plus body warming, gave a good response in fingers and toes to body warming plus Regitine. In general the combination of body warming and Regitine resulted in vasodilation in the fingers and toes which was almost as satisfactory as that noted with Priscoline plus body warming (table 2, columns L and I).
Both systolic and diastolic arterial pressures rose on the average of 5 mm. Hg; nasal congestion, scleral injection with smarting, and flushing of the face were noted with the drug.
c. Roniacol. The fingers, on the average, exhibited a slight further rise in temperature following Roniacol administration. Three subjects showed no significant change in the temperature of the finger following drug administration; subject AS (H) showed a marked rise after the infusion was discontinued; three other subjects revealed a moderate increase in temperature following administration of Roniacol; one subject exhibited a marked fall during the infusion and one demonstrated a marked fall immediately after the infusion, the remaining two subjects exhibited gradual falls in the skin temperature of the finger following drug administration. A very slight increase in the average skin temperature was noted in the great toe following Roniacol administration (table 2, column 0). There was one marked increase in skin temperature of the large toe with a decrease following infusion; four subjects remained stable through the procedure, and five moderate decreases in the temperature of the great toe were noted either during or after the Roniacol administration. A decrease in the average temperature was noted in the small toe following Roniacol administration. In one subject there was a slight increase in skin temperature following Roniacol; four subjects remained essentially unchanged; and in five a moderate decrease in the skin temperature of the small toe was noted. Thus it is seen that Roniacol. was capable of improving the vasodilation induced by body warming in the hand, but was unable to induce effective dilation in the feet, even when combined with body warming. In this regard this drug is inferior to Priscoline and Regitine.
Systolic arterial pressure fell 10 mm. Hg in one instance, diastolic fell 10 mm. Hg in another, systolic rose 13 mm. Hg and diastolic 8 mm. Hg in another instance. However, the remainder of the arterial pressures remained stable. Side effects noted were a burning, stinging sensation of the head, face and neck, fairly painful in a few instances, flushing and tingling of the face, metallic taste, burning of the eyes, a slight headache in one case, and mild epigastric pain in another case.
In both studies (with and without body warming) no cases of orthostatic hypotension occurred upon arising, in any of the 60 individual studies.
During the series without body warming the forehead temperatures increased on the average of 1.22 C., range +0.5 to +1.5 C., during the infusion of Priscoline; the skin temperature of the forehead then either remained stable or dropped slightly after terminating the infusion. Regitine demonstrated an average decrease of 0.3 C., range -1.5 to 0 C. Roniacol showed no average change, range +1.5 to -3.0 C. Both of the latter drugs showed either a decrease or stabilization of the forehead temperature subsequent to the infusion.
The body warming procedure, per se, exhibited an average increase of 1.1 C. in the forehead temperature in the Priscoline series, range 0 to +4.0 C. This procedure in the Regitine series showed an average increase of 1.0 C., range -0.5 to +3.0 C., and the Roniacol series showed an average increase in forehead temperature of 0.5 C. with a range of -0.5 to +1.5 C.
In the series with body warming Priscoline exhibited an average increase in forehead temperature during the drug infusion of 1.0 C., range +2.5 to -1.0 C. Regitine showed an average increase in the forehead temperature of 0.1 C., range 0 to +1.0 C. Roniacol showed an average increase in forehead temperature of 1.0 C., range +2.5 to -1.0 C. In all three a-26 drugs in this series the forehead temperature either stabilized or decreased slightly subsequent to termination of infusion.
DISCUSSION
It is of interest to note that the tabulated results of Priscoline in this paper demonstrate that the maximum cutaneous temperatures reached were not as great in this work as in a previous study.3 The room temperatures, in the previous studies fluctuated more than in the present study; and the air velocity in this study was 60 ft. per minute as compared with 25 to 50 ft. per minute in the previous experiments.3 These factors might well account for the differences in cutaneous temperatures noted after Priscoline in the two studies.
Priscoline and Regitine compared favorably in the series without body warming. Priscoline demonstrated a slightly better efficiency in increasing the blood flow in the finger. Priscoline also increased the temperature in the fingers and toes in a slightly larger number of subjects than did Regitine. Roniacol, in the doses used, demonstrated little ability to cause vasodilation in the absence of body warming, the increased blood flow being very meager. Roniacol in only one instance exhibited an increase in blood flow of the upper extremity, and showed no adequate increases in blood flow of the lower extremities.
It was noted that the body warming procedure, per se, was the most valuable method to promote increased blood flow in the upper extremities. In many cases maximal temperature was induced in the fingers by body warming per se; in others maximal temperature was obtained only by the combination of body warming plus a drug. Regitine plus body warming induced the highest temperatures in the finger. Priscoline plus body warming caused on the average the highest maximal temperatures in the toe; Regitine, with body warming, duplicated the beneficial results of Priscoline, but to a slightly lesser extent.
Roniacol again offered little increase in blood flow when administered with body warming. Only one subject manifested a result worthy of note. Three of the subjects demonstrated a decreise of the finger temperature subsequent to infusion, as did four in the great toe and five in the small toe. This drug in the dose used is apparently not a very effective vasodilator.
It is interesting to note that, in the series without body warming, particularly in the Roniacol series, and also occasionally in the series with body warming, a sudden decrease in skin temperature occurred immediately upon insertion of the infusion needle with usually a return to the preceding temperature 8/16 minutes after the beginning of the infusion. This change occurred in some instances in both the upper and lower extremities of the same individual in the same drug run, in other instances it occurred only in one of the extremities. The etiology of this sudden but moderate temporary decrease in skin temperature is unknown.
It is quite apparent that Priscoline and Regitine are more effective in this study in overcoming vasospasm. Priscoline offers perhaps a slightly better dilating effect than Regitine. Regitine, however, with its less unpleasant side effects is to be considered seriously. Both drugs exhibit the ability to cause increased blood flow to the extremities, and should be tested clinically for their relative efficacy of performance in peripheral vascular diseases.
While this study demonstrates the ability of Priscoline and Regitine to overcome vasospasm, the exact mechanism of action is unknown. Whether they act by blocking epinephrine or the action of sympathin at the nerve endings is unknown. However, since the effects are similar to those of spinal anesthesia, the drugs probably act at least in part by blocking sympathetic nerve impulses. SUMMARY 1. Vasoconstriction induced by a low temperature room and vasodilation induced by drugs and by body warming have been measured on 14 normal subjects in this study. The measuring instruments were potentiometers and thermocouples.
2. The method was used to test the efficacy of the drugs in overcoming vasospasm in the normal subjects in order to evaluate the pos-sibility of their subsequent usage in peripheral vascular diseases.
3. Severe cutaneous vasospasm was induced by exposure of the lightly clad subject to an environmental temperature of 20 C. for one hour or more. In half the tests the severe vasospasm was reduced to moderate vasospasm by application of heat to the torso of the chilled subjects. 4 . Sixty individual studies were performed, 20 on each of three drugs. These drugs were Priscoline, Regitine, and Roniacol. Ten studies were performed on each drug without body warming, and 10 with body warming. Body warming was induced with two heating pads applied to the torso and covered with a blanket.
5. The drugs were administered intravenously over a period of approximately one half hour in the dosage of Priscoline 2.0 mg. per kilogram, Regitine 0.5 mg. per kilogram, or Roniacol 3.0 mg. per kilogram dissolved in 200 ml. of 0.9 per cent saline.
6. It was discovered that Priscoline and Regitine are both fairly good vasodilators especially in the upper extremities. In the series without body warming, Priscoline proved to be slightly better. Roniacol gave poor results. No dangerous or painful untoward reactions were noted with any of the agents.
7. In the body warming series it was noted that body warming, per se, gave better vasodilation in the upper extremity than any of the drugs tested. All three drugs aided slightly blood flow to the upper extremities, subsequent to body warming; the order of efficacy was Regitine, Priscoline 
